A method for removal of the thymus in the newborn rat employing measures aimed at reducing the mortality incurred by the surgical procedure, cannibalism and infection is described in detail. Tranquilisation of the dam, sterile technique, magnification of the operative site for thymus aspiration, warming to 37°C during the recovery phase, and application of pheromones to the offspring prior to their reunion with the dam, all proved important in increasing the survival rate.
Removal of the thymus from the newborn mouse and rat results in impairment of the responses associated with cell-mediated immunity (Miller & Osoba, 1967) . Consequently, this surgical procedure is frequently employed in studies investigating the mechanisms of immunological function. The methodology employed for the newborn rat is based usually on the description of the technique in the mouse by Miller (1960) or that by Sjodin, Dalmasso, Smith & Martinez (1963) , but a detailed description of thymectomy in the neonatal rat has not been published. Minor differences do exist between the thymic organs of day-old rats and mice which merit consideration in devising a successful operative technique. The thymus of the newboIll mouse consists of 2 separate, somewhat elongated lobes, smooth surfaced and with little apparent division into lobules.
The lobes are loosely attached to the fascia associated with the overlying greater vessels so that complete aspiration by suction is relatively simple. In the newborn rat, the lobes are frequently adherent to each other, tending to be quadrate in shape and multilobular.
They are more tenaciously attached to the overlying connective tissue than in the mouse, making complete surgical excision of the thymus somewhat more difficult. The possibility of detachment and evasion of small lobules therefore exists during thymectomy of the neonatal rat. The operative procedure in both species is attended by risk of damage to major vascular channels with death resulting from haemorrhage. In addition, losses may result from cannibalism, acute infection and from the 'wasting' syndrome.
Mortality from these sources is variable, but several reports exemplify the extent of losses that can be encountered in the rat, such as 10% attributable to surgical procedure, 40% to cannibalism, 25% to 'runting' (Jankovic, Waksman & Amason, 1962; Pinnas & Fitch, ] 966; Kelly, 1972) . As well as describing in detail the technique for removal of the thymus in the newborn rat, the present paper places emphasis on certain innovations aimed at minimising this wastage.
MATERIALS AND METHODS
The animals used were neonates of conventionally-reared outbred rats of the Porton Albino Wi star stock and inbred rats of the WAG strain, within 24 hours of birth. Prior to removal of the offspring from the breeding cage, the dam was tranquilised with an intramuscular injection of 4 mg/kg acepromazine maleate (Boots Co. Ltd, Nottingham, NG2 3AA) into the hind leg. At staggered 5 min intervals the newborn were placed for 25 min in a room refrigerated to 5°C to achieve hypothermic anaesthesia.
Surgical instruments were stored by immersion in a chlorhexidine-cetrimide mixture ('Savlon'; Imperial Chemical Industries Ltd, Pharmaceuticals Division, AlderIey Park, Macclesfield, SK10 4TF), rinsed in sterile 0,9 % saline before use and placed on a sterile drape upon which surgery was performed.
Sterile surgical gloves were worn during the procedure.
The neonate was swabbed with ethanol over the ventral surface of the thorax and neck and was affixed in dorsal recumbency to a sterile plate of transparent plastic by 4 bands of plastic adhesive strapping attached across the chin, hind limbs and forelimbs (Fig. I) . The thorax was arched appropriately by placing a small, sterile Fig. 1 . Newborn rat strapped to plastic plate with adhesive tape. The cushion which arches the neck and thorax is arrowed.
rubber 'cushion' beneath the neck. Supporting the cervical region in this fashion ensured close approximation of the thymus to the incision site. Using straight iris scissors, a longitudinal midline incision of approximately 1 em was made over the point of the manubrium sterni. The submaxillary salivary glands were parted and, with associated fascia and adipose tissue, reflected anteriorly, thus exposing the sternohyoid and sternomastoid muscles beneath.
The sternum was split (using the points of a pair of curved iris scissors) from the manubrium to the level of the 2nd intercostal space. Incision beyond this point frequently led to excessive haemorrhage from severed thoracic wall vessels. The transparent plastic plate was then placed on the cleansed stage of a suitable dissecting microscope and the procedure continued under 6 or 12 X magnification.
The thoracic split was continued up to the anterior limit of the skin incision by carefully tearing the fascia and parting the sternohyoid muscles with the tips of a pair of curved iris forceps.
The same forceps were then used to retract the edges of the thoracic incision laterally, fully exposing and presenting immediate access to the 2 lobes of the thymus (Fig. 2) . The posterior edge of each thymic lobe was picked up separately with a sterile cannula attached to a water-suction apparatus and, with gentle manipulation, aspirated.
The cannula comprised a short length of polythene tubing (internal diameter 1·0 mm, outer diameter 1·5 mm) attached to the tip of a pasteur pipette. Blunt dissection of dorsal fascial attachments with the curved forceps tips was frequently necessary while the thymus was under suction. The anterior thoracic cavity was examined carefully for the presence of residual tags of thymic tissue. The suction line was then cleared of aspirated tissue by dipping the cannula tip into sterile physiological saline. The forelimb tapes were loosened and the neck support removed. One drop of saline containing 100 Ilg of both penicillin ('Triplopen'; Glaxo Laboratories Ltd, 891-995 Greenford Road, Greenford, UB6 OHE) and streptomycin sulphate ('Streptevan'; Evans Medical Ltd, Speke, Liverpool, L24 9JD) was dripped onto the incision which was closed with 3 interrupted sutures of 5-0 braided, silicone-treated polyester suture using an atraumatic 3/8 circle taper needle ('Ticron'; Cyanamid Ltd, Fareham Road, Gosport, POl3 OAS). The skin was cleansed of blood and each subject placed in a 37°C hotroom for 2 h, by which time recovery was complete with a return to normal coloration and activity. The litter was re-united with the still tranquilised dam after the dorsal surface of each offspring had been smeared with a mixture prepared from the mother's urine and faecal pellets. The female rat invariably voided both urine and faeces, either upon initial injection or upon handling in the tranquilised state, making collection a simple matter. Removal of persistent sutures, rarely necessary, was done at weaning.
RESULTS AND DISCUSSION
Preliminary experiments employing neonatal thymectomy in the rat indicated that failure to attend to the principles of sterile technique or the behavioural problem of cannibalism resulted in high wastage. When the operation was performed without any major aseptic precaution other than the use of initially sterilised instruments and cleansing of the incision site, there was a significant loss due to acute infection within the first 10 days. Bacteriological analysis established that fatal infection was associated predominantly with Staphylococcus aureus and less frequently with Pasteurella pneumotropica. The adoption of a sterile technique with attention to such detail as the wearing of sterile gloves reduces the mortality from acute infection substantially. Loss from 'runting', presumably associated with chronic infection, is reduced also to less than 1%.
The use of a stereoscopic microscope has proved essential, not only to avoid critical damage to thoracic organs, but to check for and remove residual tags of thymic tissue which sometimes remain attached to the overlying fascia after aspiration of the major part of the lobe. When the operation is performed without the aid of magnification, serial histological section of the anterior thoracic contents of the matured rats shows retention of small residual tags of thymic tissue in a significant proportion. Mortality due to surgery under dissecting microscope is approximately 2 %, the deaths resulting from puncture of a major vessel or of the trachea when attempting to secure an evasive thymic tag. Submitting the offspring to 37°C for at least 1 h immediately following surgery facilitates recovery from the effects of haemorrhage, resulting in an improved survival rate.
Loss due to cannibalism by the dam has been reduced to less than 4 % with the exploitation of a basic ethological principle. Olfactory perception of chemicals classed broadly as pheromones plays an important role in the organisation of social behaviour, including intraspecific recognition and communication, in animal classes as diverse as arthropods and mammals (for review see Wilson, 1963; Bruce, 1970) . Pheromones identifying individuals of various rodent species tend to be associated with urine and anal excretions. In the rat, urine and genital secretions contribute to the odour trails laid down during the course of an individuals' normal movements.
Furthermore, selflicking and self-sniffing appear to be essential for the stimulation of care-giving behaviour by the female towards her new-born off-spring.
If this activity is prevented, cannibalism results (reviewed by Barnett, 1967) . Hence smearing of surgically-manipulated new-born with the mother rat's own excretory products apparently re-establishes recognition and consequently evokes epimeletic behaviour resulting in her re-acceptance of the young.
Tranquilisation prior to the initial removal of the litter appears to facilitate this response.
With attention to details of surgical technique, asepsis and behavioural principles, the wastage involved in neonatal thymectomy of the rat can be minimised.
The method described here has produced negligible losses from surgery, cannibalism, acute infection and 'mnting' resulting in a survival rate of 90-95 %.
